Influence of Thermal Preparation Method on Mineral Composition of Mussels by GORAN, Gheorghe Valentin et al.
Influence of Thermal Preparation Method on 
Mineral Composition of MusselsGheorghe Valentin GORAN*, Liliana TUDOREANU, Aura MOCANU, Emanuela BADEA, and Victor CRIVINEANUUASVM of Bucharest, Faculty of Veterinary Medicine, 050097, 105 Splaiul Independentei, 5th district, Bucharest, Romania, Tel. 0040723331447; Fax. 0040214011136*Corresponding author: gheorghegoran@fmvb.roBulletin UASVM Food Science and Technology 75(1)/2018ISSN-L 2344-2344; Print ISSN 2344-2344; Electronic ISSN 2344-5300DOI: 10.15835/buasvmcn-fst: 0005
ABSTRACTThis study focuses on evaluation of the effects of 3 different thermal preparation methods (boiling, roasting, microwaving) on mineral concentrations of mussels from Bucharest market. The mineral content in raw and cooked mussel samples was evaluated by ICP-OES and relative humidity of raw and cooked mussels by thermogravimetry. 
Se level in microwaved samples was significantly decreased compared to raw and the other 2 cooked mussel samples. 
Zn concentration in raw samples was not significantly different compared to those in roasted samples. Fe level was 
insignificantly different between boiled and roasted samples and significantly lowers in microwaved samples. Ni, 
Pb, and Se levels were significantly higher in boiled samples, and Cd levels were insignificantly different reported to cooking method. The percentage of water loss during roasting was lower than the other 2 thermal preparation methods. Potassium concentrations in cooked mussels were higher compared to raw ones. Mineral concentrations were highest in roasted samples and heavy metal concentrations in boiled mussels.
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INTRODUCTIONOne way to overcome one of the overpopulation consequences – the need to increase the amount of food – is the exploitation of seas and oceans 
for fish and seafood. However, overfishing has led to the development of aquaculture, which can be a viable solution to these problems. Mussels are an excellent aquaculture candidate, but they accumulate a wide range of metals in the meat (Romeo et al., 2005; Andral et al., 2004; Stankovic et al., 2012).Marine resources for human consumption have grown rapidly worldwide with the widespread use of seafood, which is recognized as important sources of protein, minerals and 
vitamins (Heu et al., 2003; Storelli, 2008; Hellberg 
et al., 2012). Shellfish has many nutritional advantages, but at the same time it poses health risks such as heavy metal contamination because 
they filter large quantities of water to extract their food and are good bioaccumulators (Guéguen et 
al., 2011; Grotto et al., 2012; Hellberg et al., 2012).Metallic pollutants contamination of the sea continues, particularly in some parts of the world, thus it is important to evaluate the marine environment. Therefore, using the mussels as biomarker for marine environment pollution could represent a reliable approach (Andral et al., 2004; Stankovic and Jovic, 2012).
Food chemical composition is influenced by cooking method, and these studies could be used for choosing the most effective cooking method in order to improve food nutritional quality, but also to reduce level of toxic elements (Amiard et al., 2008; 
Metian et al., 2009; Domingo, 2010; Houlbreque et al., 2011; Kalogeropoulos et al., 2012; Hajeb et al., 2014; Goran et al., 2016).
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This study focuses on evaluation of the effects of 3 different thermal preparation methods (boiling, roasting, and microwave cooking) on mineral concentrations of mussels from the Bucharest (Romania) market.
MATERIALS AND METHODS
Samples preparationMussel samples were represented by Black Sea mussels (Mytilus galloprovincialis) purchased from the supermarkets in Bucharest, Romania. The samples were represented by mussel meat selected with the same dimensions, weighed, labelled and packed in temperature resistant food plastic bags (samples of 100 g ± 5% each were placed in resistant plastic cooking bags). All mussel samples (n=30) were dived into four groups: raw samples, samples cooked by boiling (boiled in water with no contact between samples and water, for about 4 minutes, 100oC), samples cooked by roasting (with no contact between meat samples and oven tray, 3.5 minutes, electric oven, 180oC), and samples cooked by microwave irradiation (with no contact between meat samples and microwave plate, 2.5 minutes, consumer microwave oven, 1000W). For each cooking method the time for cooking was estimated after several tests in order to achieve eatable samples. After cooking the samples were cooled, stored at 6oC for 24 hours, and then raw and cooked samples were drained off before they were grinded using the GRINDOMIX GM 200 knife mill. From each sample, 0.5 g (wet weight – ww) was digested using a Spedwave MWS-2 Berghof microwave oven as following: Step 1: 120oC, power 50%; Step 2: 180oC, power 75%; Step 3: 100oC, power 40%.
Spectrometric analysisDigested samples were diluted to 25 mL with ultrapure water and analysed by Thermo iCAP ICP–OES spectrometer (RF1100 W; reading time 
30 s, washing time 30 s, nebuliser gas flow 0.5 L•min-1; auxiliary gas flow 0.5 L•min-1; sample 
injection pump flow 50 rpm). Calibration curves were developed using standard solutions of 0.001 ppm, 0.01 ppm, 0.1 ppm, 1 ppm, 5 ppm, 10 ppm, 50 ppm obtained by dilution from a multi-element ICP MERCK standard containing 1000 ml•L-1 of Al, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Se, Sr, and Zn. 
Relative humidityThe relative humidity of raw and cooked mussel samples was measured before digestion 
by thermogravimetry. The operating parameters of the thermogravimeter were: t = 9 minutes, T = 100°C.
Statistical analysis 
Statistical analysis was performed using the soft­
ware of VassarStats: Website for Statistical Computa­
tion (http://vassarstats.net/). One­Way ANOVA was 
performed for all samples’ mineral concentrations, 
and when ANOVA generated p≤0.05, means com­
parison was carried out by all­pair Tukey HSD Test.
RESULTS AND DISCUSSIONS
In table 1 are presented the mean heavy metal 
and mineral levels in mussel meat samples. Analyzed 
minerals for which no concentrations are reported in 
the present work were below method detection limit. 
Se level in microwaved samples was significantly 
decreased compared to raw samples and the other 2 
thermal preparation methods. Zn concentration in raw 
mussel meat samples was not significantly different 
compared to those in roasted mussel meat samples, 
probably due to formation of insoluble complexes 
with proteins. Romanian raw mussels contained much lower levels of Cd, Cu, Pb, Zn, Fe, and Ni than Turkish mussels (Cd, Cu, Pb, Zn, Fe, and Ni were 
1.59, 12.01, 6.03, 319.6, 402.79, and 3.52 mg•kg­1; 
Çayır et al., 2012). 
In general, mineral/heavy metal levels were 
significantly different between mussel meat samples 
independent of thermal preparation method. The difference between mineral concentrations in raw and cooked samples may be due to water losses during thermal preparation or due to formation of large and insoluble complexes. Fe level was 
insignificantly different in boiled and roasted mussel 
meat samples, and significantly lowers in microwaved 
samples. Also, Ni, Pb, and Se levels in mussel meat 
samples were significantly higher in boiled samples, 
and Cd levels were insignificantly different reported 
to cooking method. Romanian mussels contained 
almost four times less Cd than Spanish mussels 
(0.13 μg•g­1; Falcó et al., 2006), and much less than 
Chilean mussels (0.95 ± 0.20 mg•kg­1; Houlbreque et al., 2011). Also, Romanian mussels contained ten 
times less Pb than Spanish mussels (0.1 μg•g­1; Falcó 
et al., 2006). In this study, the mean values of Cd and Pb were within the accepted limit of 1.0 mg Cd•kg­1 and 1.5 mg Pb•kg­1 as defined by the European 
Union (Commission Regulation [EC] No 1881/2006), 
revealed that the raw and cooked mussels do not 
pose any health risk for the consumers. 
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Boiling, even if it was accompanied by the lowest relative humidity, concentrated the heavy metals in the mussel meat probably due to their low solubility, and in the case of minerals we can appreciate that they have an increased solubility being generally eliminated from the mussel meat proportionally to the amount of water lost. 
Higher minerals levels in roasted mussels may 
be caused by a reduced water loss. Heavy metals levels differences between boiled and roasted samples may be due to the formation of insoluble complexes at low temperature.
The percentage of water loss during roasting was 
lower than the other 2 thermal preparation methods 
(figure 1). 
Table 1. Mean heavy metal and mineral levels in mussel meat samples (ppm)Element Mussel meat p-value
Raw Boiled Roasted Microwaved Al 5.9 a 5.8 a 5.8 a 5.2 b <.0001Ca 160.3 a 136.3 b 156.2 c 140.7 d <.0001Cu 0.2 a 0.26 a 0.18 a 0.15 a 0.1325Cd 0.04 a 0.036 a 0.036 a 0.041 a 0.5231Fe 6.7 a 6.9 a 6.6 a 6.2 b 0.0001K 180.5 a 180.7 a 197 b 192.9 c <.0001Mg 115 a 91.3 b 113 a 104.4 c <.0001Na 1595 a 922.1 b 1592 a 1582 c <.0001Ni 0.045 a 0.053 b 0.043 a 0.044 a <.0001Pb 0.01 a 0.016 b 0.012 a 0.007 c <.0001Se 0.075 a 0.127 b 0.077 a 0.062 c <.0001Zn 3.5 a 2.4 b 3.2 a 2.6 b <.0001
*Levels not connected by the same letter are significantly different. The comparison can be made only between thermal preparation methods for the concentration of one element and not between different elements concentrations.
Figure 1. Mean relative humidity in cooked mussel meat samples (%)
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CONCLUSIONSPotassium concentrations in cooked samples were higher compared to raw samples. In general, mineral concentrations were highest in roasted mussel meat samples and heavy metal concentrations in boiled mussel meat samples. 
Generally, Zn and Fe levels were insignificantly different in cooked mussel meat samples compared 
raw samples. Heavy metal mussel content was within the accepted limits, meaning that the raw and cooked mussels do not pose any health risk for the consumers.
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